ABSTRACT
INTRODUCTION
Tuberculosis (TB) is increasingly becoming a significant cause of morbidity, mortality and health care expenditure all over the world. The World Health Organization (WHO) estimates that globally in 2016, there were 10.4 million incident cases of TB (1) . For the past 5 years, it has been the leading cause of death from a single infectious agent, ranking above HIV/AIDS (1) . A total of 1.4 million of the global burden of TB cases (10%) are thought to occur in children (aged <15 years). In recent years, childhood TB has attracted global interest after a long period of neglect.
Managing TB in children, a vulnerable population where diagnosis and treatment are not well understood, is potentially challenging, especially in countries with limited public health resources. In light of the lack of a standard case definition, the wide spectrum of disease, the difficulty of obtaining adequate specimens and the low rate of bacteriologic confirmation, the exact extent of childhood TB is still unknown (2) . The burden of childhood TB, specifically, is of particular importance as it is a marker of the overall trend of disease and an important indicator of ongoing transmission within the community. Surveillance data on trends in childhood TB in Tunisia, a limited resources country, are scarce in the published literature. The highest rates of TB were recorded in Southern Tunisia, where tuberculosis management is still challenging. This lack of knowledge could contribute to a poor control of TB among children, limiting advances to attain the "End TB" objectives (3) .
The understanding of the global epidemiology of childhood TB and the availability of relevant and high-quality surveillance data could be of utmost importance in planning effective control measures.
Knowledge about chronological trends in childhood TB incidence can be invaluable to evaluate programs, assess health specific needs and manage the disease. Moreover, taking into account the projected trends of TB in describing their trajectories in future allows the prediction of short-term future incidence rates and the suitable planning of control strategies. In this perspective, our study aimed to give an update about the epidemiological profile of childhood TB in south of Tunisia and to describe their chronological trends from 1995 to 2016.
MATERIALS AND METHODS

Study Design
We carried an ecological study of all notified TB cases by the Center of Tuberculosis Control (CTC), from January, 1st 1995 to December, 31st, 2016 in the region of Sfax, South of Tunisia. The governorate of Sfax is situated in the coastal region of Southern Tunisia. In 2014, the general population was 955421 inhabitants, or 8.7% of the total Tunisian population. The number of children in the governorate of Sfax was 244916, which represented 25.6%. This region is highly endemic in tuberculosis and hosted a large proportion of rural areas inhabitants searching for job opportunities. In Southern Tunisian rural zones, people suffer from poor housing, low socioeconomical status and lack of access to health care structures. In our country, the notification of TB is mandatory. The CTC affiliated to the corresponding regional health-care directorate received notified cases from both private and public health institutions, coordinated by the National Tuberculosis Surveillance Program.
Inclusion Criteria and Data Collection
We collected data from the TB regional registries of the CTC during the study period. All children aged under 15 years with diagnosed TB of any site were enrolled in the analysis. Only children who were resident of Sfax Governorate were included. At enrollment, relapsing patients were excluded in order to calculate the incidence rates. We excluded all cases with missing data, which represented less than 3% in our study. We considered in our analysis only confirmed incident cases of TB. The diagnosis of TB was made by expert physicians who confirmed the diagnosis, established the antituberculous treatment and addressed the notified case to the CTC for additional medical care. The diagnosis was based on the national TB Guidelines, which were consistent with the WHO diagnostic criteria (4). TB was confirmed when Mycobacterium species were isolated from any site of the body. In default, the diagnosis was done based on histological findings, epidemiological, clinical, radiological and histological arguments consistent with TB, or when an adequate response to anti-tuberculosis medication was observed. For analysis, we included exhaustive data on demographics, delegation and full address of TB patients and the site of tuberculosis. Data dealing with the treatment regimen and the disease evolution were also recorded for each patient.
Tuberculosis Incidence Rates
For practical reasons, we divided eligible children according to the National Population Census: 0-4 years, 5-9 years and 10-14 years. The yearly incidence rate of TB was computed by dividing the total incident TB cases by the average population census, which was calculated as follow: (Sfax population in 2004 + Sfax population in 2014)/2 based on Tunisian National Institute of Statistics data. The incidence rate was calculated in the three age groups and in both genders and was expressed as the number per 100 000 inhabitants/year (5, 6) .
Statistical Analysis
Statistical analysis was performed using SPSS.20 software. The Kolmogorov-Smirnov test was used to assess the distribution of quantitative variables. The results of quantitative variables were presented as means ± standard deviation (SD) or medians and interquartile range (IQR). Those of categorical variables were presented as numbers and percentages. We used the T test for independent samples to compare two means and Anova test to compare several means. For categorical variables, we used the Chi-square test in independent samples.
Current Chronological Trends and Projected Incidence Rates
We analyzed trends in TB incidence performing Joinpoint Regression Analysis program, version 4.5.1.0. This software is one of the most applicable in piecewise regression which is used for estimation of regression variables and drawing diagrams of fitted regression lines. Joinpoint fits a linear regression model to the data to identify inflexion points ('joinpoints'), using a series of permutation tests, with Bonferroni adjustment for multiple comparisons. A significance level of 0.05 was used for the permutation test, which determines the minimum number of "joinpoints" necessary to fit the data. The annual percent change (APC) within each segment was calculated with 95% confidence intervals (95% CI) (7) . Variation in trends of TB incidence for different age groups, for both genders and for TB sites was assessed over time. A p-value less than 0.05 was considered statistically significant.
RESULTS
Patients' Characteristics
From 1995 to 2016, 204 cases of TB were noted in children, representing 7.36% of the total case load for that period. Of all eligible children, 107 cases were males (52.5%), with a sex ratio of 1.1. The mean age of all children was 8.9 ± 4.4 years. The distribution by age groups showed that the largest age group of children was that 10-14 years (103 cases; 50.6%), followed by 5-9 years (31.3%). According to habitancy, 90 cases (44.1%) lived in rural districts, with no significant difference between the three age groups. Most of TB children had extrapulmonary tuberculosis (EPTB) (167 cases, 81.9%). Of these, the main EPTB involved site was lymph node in 105 cases (62.8%), which was significantly more frequent in 5-9-year group (p=0.014). Abdominal disease was the second most common reported site of infection, accounting for 12%. The mean treatment duration was 8.9 ± 5.3 months. The fixed-dose combination regimen was administered in 55 cases (28.5%). The disease evolution was favorable in 194 cases (95.1%) ( Table 1) .
Average Annual Number and Incidence Rates of Gender and Age-specific TB Cases
Over a 22-year-study period, the absolute annual number of overall TB in children was 9.25 cases/year. The corresponding average incidence rate was 4.09/100 000 population/year, ranging from 4.86 in 1995 to 6.63 per 100 000 population in 2016. The incidence rate of EPTB (3.35/100000 population/year) was higher than pulmonary tuberculosis (PTB) (0.74/100 000 population/year). TB-gender-specific rates showed that incidence rates of EPTB and PTB were 3.68 and 0.46/100000 population/year for males and 2.58 and 1.04/100 000 population/year for females, respectively. Looking at the notification rate by age groups, the highest incidence rate was observed in 10-15-year age-group, with an incidence of 6.23/100 000 population/year for overall TB cases. The same findings were applied to EPTB and PTB, with respective incidence rates of 4.96 and 1.25/100 000 inhabitants/year in this age group ( Table 2) . 
Chronological Trends of Tuberculosis in Children by Gender, Age Groups, Habitancy and Main Sites
Trends analysis performing Joinpoint regression showed a significant increase in the overall TB incidence rate from 1995 to 2016, with an APC of 2.40% (95%CI=[0.10-4.70]). The temporal trends for annual EPTB incidence rate showed a significant rise from 4.42/100 000 population in 1995 to 5.31/100 000 population in 2016, with an APC of 2.80% (95CI%=[0.40-5.00]) in the study area, while PTB incidence rate showed a non-significant decrease over time (APC=-0.8%; 95CI%=[-4.60-3.20]) (Figure 1 ). 
Figure 1: Chronological trends analysis of global childhood tuberculosis (TB), pulmonary tuberculosis (PTB) and extrapulmonary tuberculosis (EPTB) incidence rates between 1995 and 2016
Figure 2: Chronological trends analysis of global tuberculosis incidence rates by age groups between 1995 and 2016 Ben Ayed et al. / Childhood TB: trend across two decades
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Trends analysis of TB-gender-specific rates showed that overall TB incidence increased for males (APC= 2.20%; 95%CI=[-0.50-5.00]) between 1995 and 2016, but no significant variation was observed over time. Similar pattern was observed among females (APC=1.90%; 95CI%=[0.40-4.40]) (Figure 3) . According to age groups, children aged under 5 years had a significant growing trend, with an overall TB incidence rate rising from 2.55/100 000 population in 1995 to 5.11/100 000 population in 2016, with an APC of 3.90% (95%CI=[0.80-7.30]). As to 5-9 year and 10-14-age groups, there was no significant variation during the same period, with respective APC of 2.70% (95% CI=[-1-60. 7 .00] and 1.80% (95% CI=[-1.30-4.90]).
Figure 3: Chronological trends analysis of global tuberculosis incidence rates by gender between 1995 and 2016 Electron J Gen Med 2019;16(4):em145
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Figure 4: Chronological trends analysis of the global tuberculosis incidence rates in urban and rural districts between 1995 and 2016
Figure 5: Chronological trends analysis of lymph node tuberculosis annual number new cases between 1995 and 2016
DISCUSSION
Our study provided original, comprehensive and recent data on the epidemiological features and clinical characteristics of childhood TB in South of Tunisia. It showed that the TB burden in Tunisia remains high among children aged under 15 years and continues to pose a serious public health challenge. In spite of the implementation of effective National TB Control Program, significant rise in TB incidence rate was observed in overall TB cases, EPTB, notably lymph node, the under-fives and children living in rural districts. These findings represented failure to control transmission in the society and contributes significantly to the burden of disease as a reservoir. The policy of BCG vaccination at birth should therefore be continued, and screening of children on school entry and on return from vacation would be useful for an early case identification.
Pediatric cases of TB accounted for nearly 7% of the total TB case load. Other similar proportions were reported, ranging from 5 to 7% in Australia, Netherlands and the USA (8-10) and from 7 to 8% in Denmark (11) . We noted that 10 to 14 years cases contributed to approximately one-half of the total childhood TB, suggesting that tuberculosis in our pediatric population is a disease that favors the ages 5 to 14 years. Previous studies reported that 5-14-year and 13-17 year-groups accounted for 61.7% in Netherlands (9) and 61.7% of the total TB children in Canada (12) , respectively. This is unlike that seen in Kampala (13), as well as in Australia (10) and in the western world (14) , where pediatric tuberculosis is largely a disease of infants and young children, with a higher proportionate TB notification in 0 to 4 year-age than the other age groups.
The distribution of primary sites of infection reported in literature showed that the proportion of PTB among all childhood TB cases was predominant, ranging from 60 to 80% (10, 13, 15) . Previous studies in North America revealed that PTB represented 72-80% of all TB load, and that lymphadenitis was the most extra-pulmonary involved site 16.7%-21.4%, followed by bone and joints 0.9%-1%, central nervous system 0%-3.3%, and miliary TB 1.3%-2.8% (12, 16) . A prospective study conducted in India showed that 46% of children with TB had EPTB, of whom 75% had TB meningitis (17) . Otherwise, in our study, the proportion of EPTB exceeded 80% among all childhood TB, among which lymph node was the most common manifestation of EPTB. This was not surprising since these findings paralleled the distribution of TB cases among adults in our country. In Tunisia, the EPTB/PTB ratio increased from 19.6% in 1996 to 32.6% in 2007, which was strongly associated with lymph node TB (18) .
Dosing strategies for drug-sensitive TB have improved with dispersible fixed drug combinations now available (19). In our study, 28.5% of children with TB received this regimen. This could be of a paramount importance because it improved adherence to treatment and may be cost-saving for many children with TB.
The estimated overall annual TB incidence of 4.09/100 000 in our population was within overall rates published recently by the ECDC and close to those reported from other low-endemic settings (20) . The average annual rate of TB reported in previous studies was 4.8 per 100 000 children under 16 years of age in New-Zealand (15) and 5.37/100 000 in Greece (21) . Higher rates were reported in Congo (10/100 000 population/year) (3), in Uganda (44/100 000 population in 2010) (13) and in Zambia (69-135/100 000 during 2004-2011) (22) . These discrepancies might be due a high HIV coinfection rate and low anti-retroviral uptake over the review period in high-endemic countries. However, The TB burden in children in low-income countries remains undefined because TB is easily missed owing to difficulties in making an accurate diagnosis of TB in children and also owing to the problems in differentiating TB from other childhood respiratory infections, especially in children aged under five years (23) . TB incidence varied widely according to age groups. In Australia, the average annual notification rates were significantly higher for those aged 0-4 years than for those aged 5-9 years or 10-14 years (10). In Denmark, the highest incidence rate of TB was amongst children aged 10-14 years in 2001 (11) . These findings were in line with our results, suggesting the higher transmission risk of TB in school-age children compared with younger children. In this perspective, it has been demonstrated that the transmission of TB during outbreaks involving children of school-age among close contacts in school outbreaks are on average higher (69.8% vs. 39.3%) if the index case is a child than an adult (24) .
The main results of this study showed that the epidemiological profile of childhood TB had significantly changed in our region within the last two decades. TB incidence rate had experienced a clear resurgence between 1995 and 2016. (25) and up to 51/100,000 in Malawi and over 300/100,000 in South Africa (26) . The observed increasing trend in our study can be explained by delays in case-finding among adults, probably related to the high detection rate and the number of infectious adults in the environment. On the other hand, the incidence of TB in Qatari children declined from 11/100 000 children population in 1983 to a plateau of 7/100 000 in 1989 through 1996 (27) . Likewise, the ratio of TB case notifications in children to those in adults for all reported TB cases decreased in Denmark during the period 2000-2009 (11) . This trend reflects the change in the level of recent transmission and treatment efficiency in the country. Furthermore, this upward trend suggested an improvement in TB surveillance system in recent years. In fact, TB management was integrated in primary health care structures, where first line doctors insisted on parents' education to raise awareness about the importance of TB screening and the first clinical signs of pediatric TB at an early stage. According to anatomical site, EPTB burden has significantly risen during the study period, notably lymph node TB, while a non-significant decline in PTB was noted. EPTB has been suggested to be a more useful indicator compared with PTB in children because the diagnosis is easier. High rates of raw milk consumption and close contact with animals, markedly in rural areas in our region may argue our findings. Similarly, a study conducted in India showed an increase in the proportion of cases of EPTB over the last 5 decades, which was predominantly due to an increase in lymph node tuberculosis (28) . In fact, trends TB epidemiology has radically changed since the advent of the HIV pandemic (29) , which would result in the increased incidence of EPTB at the expense of the conventional pulmonary form. The diagnostic dilemma of childhood TB, weak surveillance system for reporting childhood PTB to the national tuberculosis program and the failure to carry out effective contact tracing of children who are household contacts of smear-positive PTB cases may be responsible for this finding.
Previous study reported a decrease in TB among children aged under 14 years between 2011 and 2014 (3). Similar to our results, a significant increase in TB notification in age group 0 to 4 years was reported in Congo, attributable to the increased focus by the national program on TB diagnosis in the under-fives (3). However, a significant decline in notification rate was noted in this age group in Uganda (13) . Children less than 5 years old have been shown to be more susceptible to TB due to the immaturity of their immune system. This observation might be explained by the extra efforts to train health workers in childhood TB diagnosis and the emphasis on developing a pediatric TB curriculum and undertaking systematic training and mentorships for young children. Another possible explanation for this is the relatively low effectiveness of BCG vaccination in children, yielding 50% in the reduction of the TB disease risk (30) . Therefore, it is important for policy makers and public health workers to design services and to allocate resources in order to reduce the burden of TB in young children. Furthermore, the study's findings were in line with the belief that TB is a poverty-related disease and that its burden lies more within rural districts, where a rise in TB incidence was observed. Poor housing and environmental conditions, food insecurity, financial difficulties and malnutrition in rural districts may argue these upward trends. Reducing regional disparities and providing basic care in rural areas should be a health-care priority in our country.
The present study was the first to assess TB chronological trends stratified by demographic characteristics over the last two decades in Tunisia. However, it had some limitations: Firstly, because of the retrospective data collection, the patients were not followed-up during the study period and the treatment outcome as well as the response to therapy could not be assessed. Secondly, analyzing data from a delimited area may not reflect the real burden of childhood TB in the whole country. Another limitation of this study is possible missing or incomplete data, as well as potential biases and errors during date entry. Further nation-wide and prospective studies are recommended to better estimate the extent of childhood TB.
CONCLUSION
Our study provided an insight into the burden of childhood TB in South of Tunisia. A significant rise in TB incidence rate was observed among high risk groups. Therefore, implementing preventive and control strategies must be urgently prioritized, with an emphasis on contact screening, maintaining a high BCG vaccination coverage and awareness-raising activities in the community in order to reduce TB transmission in this highly vulnerable population.
